Spray Gun With Range Finder 



Background of the Invention 
[0001] This invention relates to the field of spray guns, particularly, hand held 
spray guns suitable for spraying paint and similar coatings. Prior art spray guns relied 
upon user judgment to position the gun with respect to a target surface to be painted. 
Typically, user manuals advised the user to hold the gun such that a central axis of the 
spray pattern remains perpendicular to and at a constant distance from the target 
surface to be sprayed. The vast majority of target surfaces to be sprayed are at least 
generally planar. Varying the distance between the spray gun and the target surface 
ordinarily results in uneven coverage and may result in some regions having less than 
full coverage, while other regions receive excess sprayed material, which may result 
in sags and or runs. 

[0002] The present invention provides an aid to a user in maintaining the 
proper distance between the spray gun and the target surface by providing a range 
finder with the spray gun to provide the user with information regarding the distance 
between the gun and the target surface. 

Brief Description of the Drawings 
[0003] Figure 1 is a simplified block diagram of a combination of a range 
finder and spray gun according to the present invention. 

[0004] Figure 2 is a perspective view of the combined range finder and spray 
gun of the present invention. 

[0005] Figure 3 is a front view of the combined range finder and spray gun 
shown in Figure 2. 

[0006] Figure 4 is a side view of the combined range finder and spray gun of 
Figure 2 with a simplified schematic representation of a spray pattern of the gun and a 
pair of beams from the range finder directed at a generally planar target surface. 
[0007] Figure 4A is a top view corresponding to Figure 4. 



[0008] Figure 5 is a view of the illuminated spots aligned and indicating that 
the spray gun is located at a desired distance from the target surface. 
[0009] Figure 6 is a view of the illuminated spots misaligned in a first 
relationship indicating that the spray gun is at a position less than the desired distance 
from the target surface. 

[0010] Figure 7 is a view of the illuminated spots misaligned in a second 
relationship indicating that the spray gun is at a position greater than the desired 
distance from the target surface. 

[001 1] Figure 8 is a schematic three dimensional view of the beams exiting the 

light pipe and illuminating a pair of spots on a generally planar target surface with the 

spray gun at a desired distance from the target surface. 

[0012] Figure 9 is a view similar to that of Figure 8, except with the gun 

positioned closer to the target surface than in Figure 8. 

[0013] Figure 10 is a view similar to that of Figure 8, except with the gun 

positioned farther away from the target surface than in Figure 8. 

[0014] Figure 1 1 is a simplified schematic view of a fixture for a laser diode of 

the present invention illustrating the aspect of the present invention wherein a beam 

waist is adjusted to be at a plane of the target surface when the spray gun is at the 

desired distance from the target surface. 

[0015] Figure 12 is an exploded elevation view with some parts in section 
showing a light source, alignment gimbal, and light pipe useful in the practice of one 
embodiment of the present invention. 

[0016] Figure 1 3 is a simplified schematic top plan representation of the 
optical path of the light pipe of Figure 12, except with the initial part of the path 
illustrated schematically folded to a position to be in-plane with the remainder of the 
path through the light pipe. 

[0017] Figure 1 4 is a simplified schematic rear elevation view of the 
arrangement of Figure 6 illustrating the orientation of the beams exiting the light pipe. 



[0018] Figure 15 is a simplified schematic perspective view from above and in 
front of the light pipe partially cut away to more clearly show the optical path within 
the light pipe. 

[0019] Figure 16 is a perspective view of the light pipe from behind and above 
the light pipe. 

[0020] Figure 1 7 is a perspective view of the light pipe from below and in 
front of the light pipe. 

[0021] Figure 1 8 is a block diagram for a power supply and driver circuit for 
the laser diode embodiments of the range finder. 

[0022] Figure 1 9 is a perspective view of a mounting frame for the light pipe 

and laser diode, shown with a control module for the laser diode in an exploded view. 

[0023] Figure 20 is a perspective view of the mounting frame, light pipe and 

laser diode and control module assembled together. 

[0024] Figure 2 1 is a simplified block diagram for several alternative 

embodiments of the present invention which include a range indicator. 

[0025] Figure 22 is a simplified view of various range indicators useful in 

connection with the system shown in Figure 21. 

[0026] Figure 23 is a view of the rear of the spray gun with one alternative 
range indicator. 

[0027] Figure 24 is a view similar to that of Figure 23, except illustrating other 
alternative range indicator embodiments.. 

[0028] Figure 25 is an electrical schematic corresponding to the block diagram 
of Figure 21. 

[0029] Figure 26 is a simplified block diagram of a still further alternative 
embodiment of the present invention including a control system having an input from 
the range finder and an output connected to the spray gun. 

[0030] Figure 27 is an electrical schematic corresponding to the block diagram 
of Figure 18. 

[0031] Figure 28 is a perspective view of a subassembly for an embodiment of 
the present invention including a pair of laser diodes. 



[0032] Figure 29 is a perspective view of the subassembly of Figure 28 along 
with an armature for pressurizing paint, shown with a gun housing half to illustrate 
assembly details of this embodiment of the present invention. 
[0033] Figure 30 is a front elevation view of the subassembly of Figure 28. 
[0034] Figure 31 is a back elevation view of the subassembly of Figure 28. 
[0035] Figure 32 is a perspective view of a mounting frame of the 
subassembly of Figure 28. 

[0036] Figure 33 is a side view of the subassembly of Figure 28. 

[0037] Figure 34 is a side view of a laser diode useful in certain embodiments 

of the present invention. 

[0038] Figure 35 is a front view of the laser diode of Figure 34. 
[0039] Figure 36 is a front view of the mounting frame of Figure 32. 
[0040] Figure 37 is a back view of the mounting frame of Figure 32. 
[0041] Figure 38 is a bottom view of the mounting frame of Figure 32. 
[0042] Figure 39 is a section view of the mounting frame taken along line 39- 

39 of Figure 36. 

[0043] Figure 40 is a section view of the mounting frame taken along line 40- 

40 of Figure 36. 

[0044] Figure 4 1 is a perspective view of a ball-joint mounting head for the 
laser diode of Figures 34 and 35. 

[0045] Figure 42 is a rear end view of the mounting head of Figure 4 1 . 
[0046] Figure 43 is a side view of the mounting head of Figure 4 1 . 
[0047] Figure 44 is a section view taken along line 45-45 of Figure 43. 
[0048] Figure 45 is an exploded view of the laser diode of Figure 34 along 
with a section view of the mounting head taken along line 45-45 of Figure 44. 
[0049] Figure 46 is a section view taken along line 46-46 of Figure 30. 
[0050] Figure 47 is a section view taken along line 47-47 of Figure 30 and 
showing a fragmentary view of an adjustment tool. 



Detailed Description of the Invention 
[0051] Referring now to the Figures, and most particularly to Figure 1 , a 
simplified block diagram 50 of the present invention may be seen. A range finder 52 
may be combined in an assembly 54 with a spray gun 56, where the spray gun is of 
the type for spraying paint and similar coatings. When selectively triggered, the spray 
gun 56 provides a spray pattern 58 to apply the coating to a target surface 60, 
indicated schematically by a line in Figure 1. It is to be understood that the target 
surface 60 is often a generally planar surface, but it is to be understood that the term 
"target surface" as used herein may apply to any geometrically shaped surface to be 
coated, with the planar surface merely used by way of example. 
[0052] It is to be further understood that the range finder 52 provides a user of 
the gun 56 with information about the distance 62 between the gun assembly 54 and 
the target surface 60. The information about distance 62 is preferably provided in 
terms of how far the spray gun 56 is from the target surface, such that the range finder 
may be calibrated to enable or assist a user to position the gun 56 at a desired 
distance, typically about 12 inches from the target surface 60. More particularly, in 
connection with one model of spray gun, the desired distance may be 12 inches as 
measured from the atomizing tip exit surface 64 (see Figures 2, 3 and 4) to the target 
surface 60. It is further to be understood that distances other than 12 inches may be 
chosen to be the "desired distance," as that term is used herein. For example, some 
coatings may be advantageously applied at a desired distance other than 12 inches, or 
an alternative tip or gun may be designed to be used at some other "desired distance" 
from the target surface. 

[0053] Referring now most particularly to Figures 2, 3 and 4, the spray gun 56 
included in assembly 54 may include a material reservoir 66 attached to a housing 68. 
A spray tip 70 delivers atomized coating material from the reservoir 66 in a spray 
pattern 58 when the gun 56 is activated by pulling on a trigger 72. Spray gun 56 is 
directed by a user grasping a handle 74 to position and control the gun 56. The gun 
56 and range finder 52 are preferably electrically powered via a cord set 76. In order 
to effectively apply the coating material, it is preferably that the spray gun 56 be held 



at a desired distance from the target surface 60 and moved parallel to the target 
surface 60 as the coating material is applied. It is also preferable that the spray gun 
56 be held generally perpendicular to the target surface 60, more particularly, that a 
central axis 63 of the spray pattern 58 be held generally perpendicular to the target 
surface 60. 

[0054] In the practice of the present invention, spray gun assembly 54 may 
include the range finder 52 inside housing 68. In operation, the range finder 52 is 
energized by partially activating trigger 72 to provide information to enable the user 
to position the gun at a desired distance from the target surface initially without 
energizing spray gun 56 to provide atomized coating material. The spray gun 
assembly 54 is initially positioned at the desired distance from the target surface by 
utilizing the information from the range finder and moving the gun toward or away 
from the surface until the gun is located at the desired distance from the target 
surface. The trigger 72 may then be fully activated or depressed, causing the gun 56 
to emit atomized coating material at which time the gun is preferably moved parallel 
to the target surface while maintaining the desired distance between the gun and the 
target surface using the information provided by the range finder 52. 
[0055] In a first embodiment, range finder 52 provides information in the form 
of a visually perceptible set of images on the target surface by emitting a pair of 
beams 76, 78 via a pair of apertures 80, 82 in housing 68. The beams 76 and 78 each 
project an illuminated image or spot on the target surface. Beams 76 and 78 are 
angled toward each other such that they are aligned with each other (preferably, but 
not necessarily along a vertically-oriented axis 65 when the gun 56 is at the desired 
distance from the target surface. Axis 65 is to be understood to be on surface 60 
when surface 60 is generally planar. Axis 65 may be tangent to surface 60 where axis 
63 intersects surface 60, when surface 60 is not generally planar). It has been found 
preferable to have beams 76 and 78 offset such that the illuminated spots are always 
offset from each other. Preferably, when the gun is at the desired distance, the spots 
are aligned with each other (as shown in Figure 5) and when the gun is not at the 
desired distance from the target surface, the images are misaligned with each other (as 



shown in Figures 6 and 7). It has been found desirable (but not essential to the 
practice of the present invention) to offset the beams and images to enable the user to 
distinguish the condition where the gun is less than the desired distance from the 
condition where the gun is greater than the desired distance from the target surface, to 
enable easy correction by the user. If the images are not offset, the user will have to 
experimentally move the gun towards or away from the target surface to determine 
the correct direction to move the gun to arrive at the desired spacing or distance 
between the spray gun 56 and the target surface 60. Figure 6 illustrates the image 
misalignment corresponding to a position of the gun closer to the target surface than 
the desired distance, and Figure 7 illustrates the image misalignment corresponding to 
a position of the gun farther away from target surface than the desired distance. 
[0056] Referring now to Figures 5 and 8, when the spray gun is located at the 
desired distance from the target surface, light beams 76 and 78 will create the image 
of Figure 5 on the target surface, with a pair of illuminated spots or images 86 and 88, 
corresponding, respectively to the light beams 76 and 78. In Figures 5 and 8, the 
spots 86, 88 are vertically aligned to indicate that the gun 56 is at the desired distance 
(when the gun is pointing generally perpendicularly to the target surface 60). Beams 
76 and 78 are offset sufficiently to offset spots 86 and 88 by an offset distance 90 in 
this situation. Referring now again to Figure 4, offset distance 90 is preferably 1 inch, 
and spot 88 may be located at a predetermined spacing 91 from the intersection of 
central axis 63 and surface 60. The predetermined spacing 91 is preferably 0.5 
inches. In Figure 4, it may be seen that the beams 76 and 78 are located apart by a 
predetermined diverging angle 84 to achieve the results described with respect to the 
spots as shown in Figures 5, 6 and 7. In one embodiment, a visible light source 92 
emits visible light indicated by arrow 94. In an alternative embodiment (described 
infra), two visible light sources are used. If one light source is used, the light 
travelling in the direction of arrow 94 is split in a bifurcated light path 96 and emitted 
through apertures 80 and 82 in the gun housing 68, as mentioned above. Light path or 
optical path 96 is within a light pipe described infra. 



[0057] Referring now to Figure 4A, it may be seen that beams 76 and 78 are 
each arranged at a predetermined converging angle 85 with respect to the central axis 
63 such that the spots 86 and 88 are vertically aligned on surface 60 when the gun 56 
is at the desired distance from the target surface 60. In one embodiment, angle 85 
may be 3.6 degrees. 

[0058] Referring now to Figures 6 and 9, when the spray gun 56 is closer than 
the desired distance to the target surface 60, the light beams 76 and 78 will create the 
image formed by spots 86 and 88 in Figure 6. In this situation, spot 86 is displaced 
horizontally to the right of spot 88. It is to be understood that the closer the gun 56 is 
positioned to the target surface 60 the greater will be the displacement of spots 86 and 
88. Accordingly, it will be readily apparent to the user to move the gun away from 
the target surface, causing the spots to progress to their closest approach to each other, 
indicated by the condition shown in Figures 5 and 8, thus guiding the user to locate 
the gun at the desired distance from the target surface. 
[0059] Referring now to Figures 7 and 1 0, when the spray gun 56 is at a 
position greater than the desired distance from the target surface 60, the light beams 
76 and 78 will create the image formed by spots 86 and 88 in Figure 7. In this 
situation, spot 86 is displaced horizontally to the left of spot 88. It is to be understood 
that when the distance between the gun and target surface is initially greater than the 
desired distance, and the gun 56 is moved toward the target surface 60, the closer 
spots 86 and 88 will approach each other, until the image of Figure 5 is obtained. If 
the gun is moved still closer to the target surface, the image of Figure 6 will appear. 
Accordingly, it will be readily apparent to the user to move the gun towards the target 
surface when starting with the image of Figure 7, causing the spots to approach each 
other until the condition shown in Figures 5 and 8 is met, locating the gun at the 
desired distance from the target surface. Similarly, it will be apparent to the user to 
reverse the process when the gun is initially too close to the target surface 
(because of the optically visible feedback of the moving spots 86 and 88 when the 
distance between the gun and target surface is changed in this embodiment). 



[0060] Referring now to Figure 1 1 , a simplified fixture 84 useful in the 
practice of the present invention may be seen. Fixture 84 includes a holder 85 for a 
light source 92 with the holder 85 mounted to a stage or base 87 positionable with 
respect to a reference plane 105 corresponding to the target surface 60. The light 
source 92 preferably includes a laser diode 93 in an assembly 95 having a collimating 
lens 97, the assembly 95 available as part number EL-201 from E-Laser Enterprise 
Co. Ltd. at 406 Taichung, Taiwan, ROC . The laser diode 98 provides a generally 
fan-shaped beam of visible light diverging about 8 degrees in a first transverse 
direction and diverging at about 40 degrees in a second transverse direction. The 
collimating lens 97 may be used to change the beam from a diverging to a converging 
characteristic. A cylindrical housing 99 carries the diode and collimating lens 97 held 
spaced apart by a compression spring 101. A retaining ring 91 is threaded into an end 
of the housing 99 to retain the spring 101 and lens 97. In one aspect of the present 
invention, it has been found desirable to "tune" or "over-collimate" the light exiting 
the assembly 95 such that a "beam waist" 103 i.e., the narrowest part of the beam, 
will occur at the reference plane 105 corresponding to the target surface 60 when the 
assembly 95 is combined with the spray gun 56 and the spray gun is at the desired 
distance 109 from the plane 105 of the target surface 60. Over-collimating the visible 
light from the light source in this way will intensify the illuminated spots when the 
spray gun is positioned at the desired distance from the target surface. 
[0061] Referring now to Figures 12, the light source 92 is shown in an 
exploded view along with an alignment gimbal 94, and a light pipe 96 useful in the 
practice of the present invention. The over-collimated visible light output 98 emitted 
by the light source 92 will be split into the two beams 76 and 78 by a first pair of 
reflecting surfaces 120, 122 in the light pipe 96. Light pipe 96 is may be made of a 
total internal reflection material, such as a suitable clear or transparent polymer. The 
alignment gimbal 94 has an outer sleeve 100 closely interfitting a bore 102 in the light 
pipe 96. Both sleeve 100 and bore 102 may be generally D-shaped in cross section. 
An inner element 104 has a bore 106 closely interfitting an outside diameter of the 
cylindrical housing 99 of the light source 92. Inner element 104 and outer sleeve 100 



have a mating spherical interface surface 1 10. Element 104 and sleeve 100 may be 
formed of a conventional polymer material. 

[0062] Once the light source 92 is "over-collimated" as described above and 
the assembly 95 is received in element 104, the alignment gimbal 94 may be adjusted 
to align the light source 92 with the light pipe 96, more particularly, to balance and 
orient beams 76 and 78 in the light pipe as shown in Figures 13 and 14 to achieve the 
desired images of Figures 5-7. After alignment, the inner element 104 and outer 
sleeve 100 are preferably permanently secured together such as by application of an 
adhesive at an edge of the interface 1 10 to permanently lock or secure the alignment 
of the light source 92 and light pipe 96. 

[0063] Referring now to Figure 14, light pipe 96 provides a predetermined 
offset 107 between beams 76 and 78 exiting the light pipe 96. Offset 107 is achieved 
by using a second pair of reflecting surfaces 108 and 1 10 and a pair of refracting 
surfaces 1 12 and 1 14 to cause each of beams 76 and 78 to exit the light pipe at an 
angle 116 with respect to a first reference plane 1 18 of the light pipe 96. Plane 1 18 is 
shown end-on in Figure 14 and in a perspective view in Figure 16. Offset 107 
provides the preferred spacing 90 between the illuminated spots 86 and 88 as 
illustrated in Figure 8. Light pipe 96 also has a pair of flanges 124 useful for 
mounting light pipe 96 in a mounting frame 126, described infra, with respect to 
Figures 19 and 20. 

[0064] Referring now to Figure 18, a block diagram 130 of an electrical power 
supply system for the laser diode embodiments of the present invention may be seen. 
Power is supplied from an AC source or "MAINS" 132. An electrical contact or 
switch 134 in the trigger 72 closes a circuit to provide power to the system 130. An 
input filter circuit 136 reduces electrical transients that could otherwise adversely 
affect the remaining circuitry and light source 92 in the form of a laser diode. A 
power supply circuit 138 provides regulated DC power to a driver circuit 140 which 
operates a laser diode circuit 142, protected by a clamp circuit 144. 
[0065] Referring now to Figures 19 and 20, a mounting frame 126 for the 
light pipe 96 and driver circuit system 130 of this embodiment may be seen. A 



backplate 146 has a plurality of spring tabs 148 to hold light pipe 96 and a spring clip 
and spacer 150 to hold a module 152 containing system 130. A light beam assembly 
127 is formed of mounting frame 126, light source 92, light pipe 96 and module 152. 
Enlarged bosses 154 may be received in mating receptacles (not shown) in respective 
halves of gun housing 68, along with other conventional alignment tabs or grooves to 
receive edges of the back plate 146 to align the assembly 127 in the spray gun 56. 
[0066] Referring now to Figure 2 1 , a block diagram 1 60 of an alternative 
embodiment of the present invention may be seen. In this embodiment, a range 
indicator 162 is added to the assembly 54, and a range finder 52' provides distance 
information to the user via a perceptible signal from the range indicator 162, rather 
than illuminating the target surface with a visually perceptible image. As may be 
seen in Figure 22, the range indicator 162 may have an audio output device 164 
providing an audible output, preferably with three distinguishable states, such as 
pulsing, steady, warbling, or multiple tones. For example, a high tone followed by a 
low tone can be used to indicate "move closer" and a low tone followed by a high 
tone can indicate "move away" and silence can indicate that the gun is at the desired 
distance. Alternatively, a visual display for the range indicator 162 can take the form 
of a bar graph display 166, with one or more bars used to indicate the desired 
correction to make to position the gun at the desired distance. With the example 
shown, three bars can be illuminated to indicate the gun is at the desired distance and 
fewer bars illuminated indicating the gun is closer than the desired distance and more 
bars illuminated indicating the gun is farther than the desired distance from the target 
surface. If it is preferred to illuminate only one bar at a time, an odd number of bars 
will allow a median bar to indicate the gun is at the desired distance, while having a 
symmetrical range of possible indications on either side of that state. 
[0067] Referring now also to Figure 23, other visual range indicators may 
include a digital display of the distance 62, for example, in inches, with the preferred 
reading being "12" for example, using a two digit decimal display 168. Alternatively, 
a three state alphabetic message may be displayed, such as indicating "TOO CLOSE" 
or "OK TO SPRAY" or "TOO FAR AWAY" in place of the two decimal digits. 



[0068] Referring now also to Figure 24, another version of the range indicator 
162 may be a single or multiple element visual indicator 170, such as an LED, with 
three states. With a single LED 172, the LED can be of the type having multiple 
color outputs with, for example steady RED indicating "too close", flashing RED 
indicating "too far away" and GREEN indicating "ok to spray." Alternatively, a 
YELLOW or other color may be used for the third state. With a multiple indicator 
version, operation similar to the bar graph indicator may be displayed, or only one of 
the indicators may be illuminated to indicate the relative position of the spray gun 
with respect to the target surface. In Figures 22 and 24, a single indicator 172 is 
shown by a solid line, while second and third indicators are shown in dashed lines as 
optional to this version of the range indicator 162. 

[0069] Referring now to Figure 25, an example circuit schematic 1 78 for the 
range finder 52' and range indicator 162 of the embodiment of Figure 21. In the 
range finder 52' a transmitter and driver 180 sends an ultrasonic pulse from the gun to 
the target surface 60, and a receiver transducer and amplifier 182 "listens' for the 
return echo. A microprocessor 184 computes the distance 62 that the gun is away 
from the target surface by measuring the time the surface 60 takes to return the echo, 
and computing the distance based on the measured time, as is conventional in such 
ultrasonic range finder circuits. The microprocessor interfaces with the range 
indicator 162 via range indicator interface circuit 186, which is also conventional. 
[0070] Referring now to Figure 26, a block diagram 1 90 for a further 
alternative embodiment of the present invention may be seen. In this embodiment, a 
range finder 52" is used to determine the distance 62 to the target surface 60 and 
provide a control signal on line 192 to a control system 194 which enables operation 
of gun 56 via control line when the distance 62 is found to be equal to the desired 
distance for spraying. In this embodiment, gun 56 may be disabled when the gun is 
not at the desired distance to the target surface, but it is also to be understood that 
some indication is preferred to be given to the user to provide guidance as to which 
direction to move the gun to enable operation. 



[0071] Figure 27 shows a detailed electrical schematic corresponding to the 
block diagram of Figure 18, for the power supply system to drive the laser diode of 
the embodiment first described above. It is to be understood that the laser diode light 
source 92 preferably includes a photo receptor device which regulates the laser light 
output using transistors 202 and 204. Clamp circuit 144 prevents reverse and 
overvoltage conditions from being applied to the light source 92. 
[0072] Referring now to Figures 28 - 47, an alternative embodiment of the 
present invention using a pair of laser diodes will be described. In the embodiment 
which follows, it is to be understood that the block diagram of Figure 1 8 and the 
schematic of Figure 27 or similar systems and circuits may be used to power each of 
the two laser diodes used in this embodiment. The following embodiment operates in 
the same way as the first embodiment described above with respect to Figures 1-10, 
with the difference being that two laser diodes are used in place of one laser diode and 
the light pipe to provide the two beams 76 and 78. 

[0073] Referring first to Figure 28, a dual laser light beam subassembly 2 1 0 
may be seen. In this embodiment, assembly 210 replaces light beam assembly 127 
shown in Figure 20. For more brightness, and to avoid the complication and cost of 
producing the light pipe 96, two lights sources, preferably in the form of separate 
laser diodes 212 and 214 provide the light beams 76 and 78, respectively. 
Subassembly 210 holds the laser diodes via separate ball-joint mounting heads 216 
and 218, to allow aiming the beams 76 and 78 before the assembly 210 is installed in 
the gun 56. Each laser diode may be mounted on a respective printed circuit board 
220 and a main printed circuit board 222 may contain circuitry identical or similar to 
that shown in Figure 27 for each of the laser diodes 212 and 214. Components on 
board 222 and wiring between boards 220 and 222 have been omitted, for clarity of 
presentation. 

[0074] Referring now also to Figures 30, 32, 33 and 36, the board 222 is 
located and retained on a back plate 224 by a lip 226, a pair of posts 228 and a spring 
clip 230. Posts 228 are each received in corresponding mating apertures 232 in board 
222. Once subassembly 210 is put together, tested and aligned (as described infra), 



the ball-joint mounting heads 216,218 are secured to the back plate 224 by applying 
solvent to the interface between the ball-joint mounting heads 216, 218 and back plate 
224 and allowed to cure. The subassembly 210 is then placed together with an 
armature 234 and installed in the gun housing 68, preferably formed in two halves, 
with one half 236 as shown in Figure 29. Side flanges 238 and bottom flanges 240 of 
back plate 224 are preferably received in between ridges 242, 244, respectively in the 
halves of gun housing 68 to positively locate subassembly 210 with respect to the 
spray gun 56. 

[0075] Figures 3 1 and 37 show a rear view of the back plate 224 with and 
without the ball-joint mounting heads installed, respectively. As may be seen most 
clearly in Figure 31, balls 246 of the ball-joint mounting heads 216, 218 each have a 
plurality of grooves 248 to assist the flow of solvent into the interface between the 
balls 246 and back plate 224. Additionally, balls 246 each have a hexagonal recess 
250 facing the rear and accessible through apertures 252 when ball-joint mounting 
heads are installed in back plate 224. 

[0076] Referring to Figures 32, 36, 39 and 40, balls 246 are retained by 
projections 254 and 256 in back plate 224. Until secured by solvent, balls 246 are 
held in position, but are relatively free to be rotated within projections 254 and 256. 
[0077] Referring now to Figures 34 and 35, laser diode 2 12 is shown in a side 
and front view, it being understood that laser diode 214 is preferably identical in 
dimensions to diode 212. Diodes 212 and 214 are preferably part no. EL-201, 
available from E-Laser Enterprise Co., Ltd. of Taiwan. It is to be understood, that 
other laser diodes may be used while still remaining within the scope of the present 
invention. For example and not by way of limitation, lasers 212 and 214 may emit 
different colors from each other, if desired. Furthermore, in the practice of the 
present invention with respect to the embodiments related to Figure 21, a non-visible 
wavelength laser may be used in connection with the range finder 52'. 
[0078] Figure 36 is a front view of the back plate 224 and shows the location 
of the section views of Figures 39 and 40. Figure 38 is a bottom view of the back 



plate 224. Each of these views illustrates more clearly certain aspects of the back 
plate 224. 

[0079] Referring now to Figures 41 through 45, various details of the ball joint 
mounting head 216 may be seen, it being understood that head 218 is preferably 
identical to head 216. Head 216 is preferably an integrally formed unitary piece made 
of a conventional polymer (which may be the same or a similar material to that of 
back plate 224) with a cylindrical holder 260 connected to ball 246 by a cruciform 
neck 262. Cylindrical holder 260 preferably has a plurality of crush ribs 264 axially 
positioned on the interior of a bore 266, and the holder 260 is preferably sized for an 
interference fit with the laser diode 212, it being understood that the ribs 264 are 
crushed or deformed when diode 212 is pressed into bore 266 by advancing in the 
direction of arrow 268 in Figure 45. Holder 260 may have a lip 270 at one end of the 
bore 266 to act as a stop for a shoulder 272 on diode 212. 
[0080] Referring now to Figures 46 and 47 which are section views of 
subassembly 210 taken along lines shown in Figure 30, an adjustment tool 280, 
which may be a hexagonal wrench, commonly referred to as an Allen wrench, may be 
inserted through aperture 252 to engage the hexagonal recess 250 in the ball 246 to 
adjust the aim of laser 212 during alignment, it being understood that the subassembly 
210 is fixtured and energized so that the laser diodes can be aimed at respective 
targets in the fixture. The tool 280 can be manipulated to adjust the direction of the 
laser beam in the direction of arrows 282, 284. Once the laser diode is aligned, 
solvent is applied to the surface of ball 246, welding it to projections 254 and 256, by 
capillary action of the solvent drawing into the interface between the ball and the 
projections on the back plate 224 along the grooves 248. The process is repeated for 
laser diode 214, via adjustment of ball 246 in head 218, and once the alignment is 
secure, the subassembly 210 can be installed in the gun 56, as mentioned above. 
[0081] This invention is not to be taken as limited to all of the details thereof 
as modifications and variations thereof may be made without departing from the spirit 
or scope of the invention. 



